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 ,QWURGXFWLRQ
3URWHFWLYHDQWLJHQVDUHWKRVHDQWLJHQVWDUJHWHGE\WKHSURFHVVRIKRVWDFTXLUHGLPPXQLW\DQGDEOHWR
LQGXFH SURWHFWLRQ LQ WKH KRVW DJDLQVW LQIHFWLRXV DQG QRQLQIHFWLRXV GLVHDVHV 3URWHJHQ LV DZHEEDVHG
GDWDEDVHWKDWFRQWDLQVPRUHWKDQSURWHFWLYHDQWLJHQVPDQXDOO\FXUDWHGIURPSHHUUHYLHZHGMRXUQDO
SXEOLFDWLRQV KWWSZZZYLROLQHWRUJSURWHJHQ >@ 3URWHJHQ LQFOXGHV  SURWHFWLYH SURWHLQ DQWLJHQV
IURP *UDPQHJDWLYH EDFWHULD DQG  SURWHFWLYH SURWHLQ DQWLJHQV IURP *UDPSRVLWLYH EDFWHULD ,W LV
K\SRWKHVL]HG WKDW SURWHFWLYH SURWHLQ DQWLJHQV KDYH HQULFKHG IHDWXUHV WKDW GR QRW W\SLFDOO\ H[LVW LQ
QRQSURWHFWLYHSURWHLQDQWLJHQV
7R WHVW WKLV K\SRWKHVLV WKUHH GLIIHUHQW PHWKRGV KDYH EHHQ XVHG WR V\VWHPDWLFDOO\ DQDO\]H WKHVH
GDWDVHWV 9D[LJQ UHYHUVH YDFFLQRORJ\ &'' FRQVHUYHG GRPDLQ VWXG\ DQG 690 6XSSRUW 9HFWRU
0DFKLQH FODVVLILFDWLRQ 7KHZHEEDVHG 9D[LJQ YDFFLQH GHVLJQ WRRO KWWSZZZYLROLQHWRUJYD[LJQ
SUHGLFWV DQG DQDO\]HV YDFFLQH WDUJHWV EDVHG RQ WKH SULQFLSOH RI UHYHUVH YDFFLQRORJ\ >@ &RQVHUYHG
'RPDLQ'DWDEDVH&''LVD1&%,GDWDEDVHWKDWVWRUHVNQRZQPXOWLSOHVHTXHQFHDOLJQPHQWPRGHOVIRU
DQFLHQWGRPDLQVDQGIXOOOHQJWKSURWHLQVFROOHFWHGIURPGLIIHUHQWUHVRXUFHV(DFKFRQVHUYHGGRPDLQKDV
DSRVLWLRQVSHFLILFVFRUHPDWULFHV3660VZKLFKFDQEHXVHGE\536%/$67IRULGHQWLI\LQJFRQVHUYHG
GRPDLQV IURP XQNQRZQ SURWHLQ VHTXHQFHV 7KH 352)($7 ZHE V\VWHP FRPSXWHV VWUXFWXUDO DQG
SK\VLFRFKHPLFDOIHDWXUHVRISURWHLQVIURPDPLQRDFLGVHTXHQFHV>@7KHVHIHDWXUHVDOORZIRUSUHGLFWLQJ
SURWHLQVRIYDULRXVSURSHUWLHVXVLQJPDFKLQH OHDUQLQJPHWKRGV7KHZHEEDVHG WRRO*LVW690FDQ EH
WUDLQHG WR OHDUQ IURP WZR JLYHQ FODVVHV RI GDWD DQGEDVHG RQ WKH UHVXOWV PDNH SUHGLFWLRQV DERXW DQ
XQODEHOHGWHVWLQJVHW>@'DWDJHQHUDWHGIURP352)($7FDQEHIHGLQWR*LVWGLUHFWO\IRUSUHGLFWLRQ
,Q WKLV UHSRUW ZH LQWURGXFH RXU DSSOLFDWLRQ RI WKHVH WKUHH PHWKRGV LQ LGHQWLILFDWLRQ RI VSHFLILF
HQULFKHGSDWWHUQVLQEDFWHULDOSURWHFWLYHDQWLJHQVDQGVHTXHQFHEDVHGSUHGLFWLRQRISURWHFWLYHDQWLJHQV
 0HWKRGV
'DWD RI SURWHFWLYH DQWLJHQV $OO SURWHFWLYH DQWLJHQ GDWDZHUH REWDLQHG IURP WKH3URWHJHQ SURWHFWLYH
DQWLJHQGDWDEDVHKWWSZZZYLROLQHWRUJSURWHJHQ>@
3UHGLFWLRQRISURWHFWLYHDQWLJHQIHDWXUHVXVLQJ9D[LJQ5HYHUVH9DFFLQRORJ\ 9D[LJQLQWHJUDWHVRSHQ
VRXUFHWRROVDQGLQWHUQDOO\GHYHORSHGSURJUDPVZLWKXVHUIULHQGO\ZHELQWHUIDFHV7KLV9D[LJQSLSHOLQH
DQDO\]HV WKH IROORZLQJ FULWHULD  3UHGLFWLRQ RI VXEFHOOXODU ORFDOL]DWLRQ  7UDQVPHPEUDQH KHOL[
SUHGLFWLRQ&DOFXODWLRQRIDGKHVLQSUREDELOLW\3URWHLQFRQVHUYDWLRQDPRQJGLIIHUHQWJHQRPHV
([FOXVLRQ RI VHTXHQFHV SUHVHQW LQ QRQSDWKRJHQLF VWUDLQV  &RPSDULVRQ RI VHTXHQFH VLPLODULW\
EHWZHHQSUHGLFWHGSURWHLQVDQGKRVWKXPDQDQGRUPRXVHSURWHRPH3UHGLFWLRQRI0+&FODVV,DQG
FODVV,,ELQGLQJHSLWRSHV 3URWHLQIXQFWLRQDODQDO\VLV>@ ,QWKLVVWXG\RXUDQDO\VHVDUHIRFXVHGRQ
VXEFHOOXODU ORFDOL]DWLRQDQGDGKHQVLQ SUREDELOLW\9D[LJQSUHGLFWVGLIIHUHQW VXEFHOOXODU ORFDWLRQVXVLQJ
RSWLPL]HG36257EZKLFKKDVDPHDVXUHGRYHUDOOSUHFLVLRQRI>@$GKHVLQSUREDELOLW\LVSUHGLFWHG
XVLQJRSWLPL]HG63$$1ZKLFKKDVDVHQVLWLYLW\RIDQGVSHFLILFLW\RI>@
&''$QDO\VLV 7RLGHQWLI\FRPPRQ&RQVHUYHG'RPDLQVIURPWKHFXUDWHGSURWHFWLYHDQWLJHQVEDFWHULD
SURWHLQVHTXHQFHVZHUHTXHULHGDJDLQVW1&%,&''OLEUDU\XVLQJ5HYHUVHG3RVLWLRQ6SHFLILF356%ODVW
690 &ODVVLILFDWLRQ 7KH  SURWHFWLYH SURWHLQ DQWLJHQV IURP *UDPQHJDWLYH EDFWHULD LQ 3URWHJHQ
GDWDEDVHZHUH H[WUDFWHG DV SRVLWLYH WUDLQLQJ VHW DQG  SURWHLQV IURP *UDPQHJDWLYH EDFWHULDZHUH
UDQGRPO\ VHOHFWHG DV WKH QHJDWLYH WUDLQLQJ VHW NQRZQ SURWHFWLYH SURWHLQV H[FOXGHG 7R HYDOXDWH RXU
SUHGLFWLRQ D ILYHIROG FURVV YDOLGDWLRQZDV SHUIRUPHG 6SHFLILFDOO\ WKH  SRVLWLYH VHWZHUH GLYLGHG
LQWRILYHVHWVZLWKSURWHLQVLQHDFK(DFKWLPHSURWHLQVZHUHXVHGDVWKHWHVWLQJVHWDQGWKHUHVW
SURWHLQVFRPELQHGZLWKWKHSURWHLQVZHUHXVHGDVWKHWUDLQLQJVHW7KH352)($7ZHEVHUYHU
ZDV DOVR XVHG WR FDOFXODWH SK\VLFRFKHPLFDO RI WKH SURWHLQV LQ ERWK VHWV 6HYHQ IHDWXUH JURXSV ZHUH
VHOHFWHG IRU 352)($7  $PLQR DFLG GLSHSWLGH FRPSRVLWLRQ   1RUPDOL]HG 0RUHDX%URWR
DXWRFRUUHODWLRQ  0RUDQ DXWRFRUUHODWLRQ  *HDU\ DXWRFRUUHODWLRQ  &RPSRVLWLRQ WUDQVLWLRQ
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GLVWULEXWLRQ  6HTXHQFH RUGHU  3VHXGR DPLQR DFLG FRPSRVLWLRQ ODPGD    )RU HDFK SURWHLQ
VHTXHQFH D WRWDO RI  SK\VLFRFKHPLFDO IHDWXUHV ZHUH FDOFXODWHG $OO WKH FDOFXODWHG YDOXHV ZHUH
UHWULHYHGXVLQJ*LVW690LQSXWIRUPDW1H[W WKH*LVW690ZHEVHUYHUZDVXVHGWRGR690WUDLQLQJ
DQG FODVVLILFDWLRQ 7KUHH ILOHV ZHUH XVHG DV WKH LQSXW IRU *LVW DQDO\VLV WKH 352)($7 RXWSXW RI WKH
WUDLQLQJVHTXHQFHVWKH352)($7RXWSXWRIWKHWHVWLQJVHTXHQFHVDQGDILOHWKDWODEHOVDOOWKHWUDLQLQJ
VHTXHQFHV7KHVHWWLQJVZHUHXVHGIRU*LVWDQGWKHGHIDXOWFODVVLILHULVDOLQHDUFODVVLILHU
 5HVXOWV
 SURWHFWLYHSURWHLQDQWLJHQVIURP*UDPQHJDWLYHEDFWHULDDQGSURWHFWLYHDQWLJHQVIURP
*UDPSRVLWLYHEDFWHULDDUHLGHQWLILHG
7KHLQSXWGDWDIRU9D[LJQH[HFXWLRQDUHDPLQRDFLGVHTXHQFHVIURPRQHSURWHLQVRUZKROHJHQRPHV
7KH  SURWHFWLYH SURWHLQ DQWLJHQV IURP*UDPQHJDWLYH *UDP EDFWHULD DQG  SURWHFWLYH SURWHLQ
DQWLJHQV IURP*UDPSRVLWLYH *UDP EDFWHULD LQ 3URWHJHQ GDWDEDVHZHUH VXEPLWWHG WR9D[LJQ TXHU\
V\VWHP VHSDUDWHO\  7KHGHIDXOW VHWWLQJVRI9D[LJQZHUHXVHG WR FDOFXODWH VXEFHOOXODU ORFDOL]DWLRQ DQG
DGKHVLQSUREDELOLW\7DEOHDQG7DEOHOLVWWKHUHVXOWVJHQHUDWHGE\9D[LJQTXHULHV
 ([WUDFHOOXODUFHOOZDOOIRU*UDPSRVLWLYHEDFWHULDDQGRXWHUPHPEUDQHSURWHLQVIRU
*UDPQHJDWLYHEDFWHULDDUHPRUHOLNHO\SURWHFWLYHDQWLJHQV
7DEOH6XEFHOOXODUORFDOL]DWLRQUHVXOWVUHSRUWHGE\9D[LJQ
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$VVKRZQLQ7DEOHLQSURWHFWLYHDQWLJHQVDPRQJ*UDPSRVLWLYHEDFWHULDWKHODUJHVWSRUWLRQ
RIKDVH[WUDFHOOXODUORFDOL]DWLRQ ,QDGGLWLRQRISURWHFWLYHDQWLJHQVEHORQJWRFHOOZDOO
SURWHLQV 7KHUHIRUH LQ WRWDORI*UDP SURWHFWLYHDQWLJHQVDUHH[WUDFHOOXODURU FHOOZDOO SURWHLQV
7KHVLJQLILFDQFHRIWKLVUHVXOWFDQEHUHIOHFWHGE\FRPSDULQJWKHSURSRUWLRQVRIDOOSURWHLQVLQGLIIHUHQW
ORFDWLRQVIRUDSDUWLFXODUEDFWHULXP HJ 6WUHSWRFRFFXVSQHXPRQLDVWUDLQ,QVWUDLQRQO\
 RXW RI   RI SURWHLQVDUH SUHGLFWHG WR EH H[WUDFHOOXODU RU VHFUHWHG DQG RQO\ 
SURWHLQVDUHFHOOZDOOSURWHLQV,QWRWDORISURWHLQVLQWKHJHQRPHRI 6SQHXPRQLDVWUDLQDUH
H[WUDFHOOXODU RU FHOO ZDOO SURWHLQV 6HYHQ SURWHFWLYH DQWLJHQV DUH F\WRSODVPLF SURWHLQV DQG VHYHQ DUH
F\WRSODVPLF PHPEUDQH SURWHLQV &RQVLGHULQJ PXFK PRUH F\WRSODVPLF PHPEUDQH SURWHLQV H[LVW WKDQ
F\WRSODVPLFSURWHLQVWKHFKDQFHRIKDYLQJDF\WRSODVPLFPHPEUDQHSURWHLQEHLQJDSURWHFWLYHDQWLJHQLV
PXFKKLJKHU WKDQDF\WRSODVPLFSURWHLQ6LPLODUREVHUYDWLRQVDUHIRXQGLQRWKHU*UDPEDFWHULDGDWD
QRW VKRZQ 7KHUHIRUH H[WUDFHOOXODU RU FHOO ZDOO SURWHLQV RI *UDP EDFWHULD DUH SUHIHUUHG SURWHFWLYH
DQWLJHQV7KHVHDQWLJHQVKDYHGLUHFWFRQWDFWDQGLQWHUDFWLRQVZLWKKRVWFHOOHQYLURQPHQWDQGDUHPRUH
LPPXQRJHQLF
$PRQJSURWHFWLYHDQWLJHQVIRXQGLQ*UDPEDFWHULD DUHH[WUDFHOOXODUDQG
DUH RXWHU PHPEUDQH SURWHLQV 7KHUHIRUH  RI SURWHFWLYH DQWLJHQV LQ *UDP EDFWHULD EHORQJ WR
H[WUDFHOOXODU RU RXWHUPHPEUDQHSURWHLQV$V FRPSDULVRQ LQ*UDP %UXFHOODDERUWXV VWUDLQ  
 DQG   SURWHLQV DUH H[WUDFHOOXODU DQG RXWHUPHPEUDQH SURWHLQV UHVSHFWLYHO\ 7KHUHIRUH
FRPSDUHG WR SURWHLQV LQ RWKHU VXEFHOOXODU ORFDOL]DWLRQV H[WUDFHOOXODU DQG RXWHU PHPEUDQH SURWHLQV LQ
*UDPEDFWHULDDUHPRUHOLNHO\WRLQGXFHSURWHFWLYHLPPXQHUHVSRQVHV,QWHUHVWLQJO\PDQ\SHULSODVPLF
SURWHLQV   RI  DUH SURWHFWLYH DQWLJHQV ZKLFK LV VLJQLILFDQW FRPSDUHG WR  RI WRWDO
SURWHLQVEHLQJSHULSODVPLFLQ %DERUWXVVWUDLQ
6   Yongqun He and Zuoshuang Xiang /  Procedia in Vaccinology  6 ( 2012 )  3 – 9 
 3UHGLFWHGDGKHVLQVLQERWK*UDPSRVLWLYHDQG*UDPQHJDWLYHEDFWHULDDUHPRUHOLNHO\SURWHFWLYH
DQWLJHQV
7DEOH$GKHVLQSUREDELOLW\UHSRUWHGE\9D[LJQ1RWH!LVFRQVLGHUHGDVOLNHO\DGKHVLRQ
a a a a a a a a 8QNQRZQ !WRWDO WRWDO
*UDP           
          
*UDP          
         
$VVKRZQ LQ7DEOH  DSSUR[LPDWHO\ RI SURWHFWLYH DQWLJHQV LQ*UDPQHJDWLYH EDFWHULD DUH OLNHO\
DGKHVLQVDQGDSSUR[LPDWHO\RISURWHFWLYHDQWLJHQVLQ*UDPSRVLWLYHEDFWHULDDUHDGKHVLQV8VXDOO\
WKHSHUFHQWDJHRIDGKHVLQVLQEDFWHULDLVOHVVWKDQ)RUH[DPSOHLQ*UDPQHJDWLYH %DERUWXVVWUDLQ
 RQO\  RXW RI  SURWHLQV  DUH SUHGLFWHG WR EH DGKHVLQV SUREDELOLW\   ,Q
*UDPSRVLWLYH 6WUHSWRFRFFXVSQHXPRQLDVWUDLQRXWRISURWHLQVRQO\SURWHLQVDUH
SUHGLFWHG WR EH DGKHVLQV 7KHUHIRUH RXU DQDO\VLV UHVXOWV LQGLFDWH WKDW DGKHVLQV DUHPRUH OLNHO\ WR EH
SURWHFWLYH DQWLJHQV %HLQJ DGKHVLQV SUHGLFWHG E\ 9D[LJQ LV D VWURQJ LQGLFDWRU RI WKH LQGXFWLRQ RI
SURWHFWLYHLPPXQLW\
 &RQVHUYHGGRPDLQDQDO\VLV
7KHEDFWHULDSURWHLQVHTXHQFHVZHUHTXHULHGDJDLQVW1&%,&''OLEUDU\XVLQJ5HYHUVHG3RVLWLRQ
6SHFLILF356%ODVW7DEOHOLVWVWKHWRSFRQVHUYHGGRPDLQVLGHQWLILHGIURPWKHSURWHFWLYHDQWLJHQV
LQWKH3URWHJHQGDWDEDVH
7DEOH7RSFRQVHUYHGGRPDLQVIRXQGLQEDFWHULDSURWHFWLYHDQWLJHQV
&RQVHUYHGGRPDLQQDPHV /LVWRI3URWHFWLYH$QWLJHQV
$XWRWUDQVSRUWHU SPS*SPS()+DSIURP+LQIOXHQ]DHF<DS)SUQEUN$2PS$2PS%6SD3
7RQ%KHPODFWUQV7RQ%BGHSB5HF7RQ%KHPLQ%WX%&LU$
7RQ%VLGHURSKRU3OXJ)HS$OLJDQGBJDWHGBFKDQQHO I\X$7ES$FFLXW$LUR1,UR1SVQ
2PS$B&OLNH2PS$35. RSU)SDO%$%BF&DG)IRS$RPS3
7R[LQB5BELQGB17R[LQB5BELQGB& %R17$IURP&ERWXOLQXP)+F%RW$ER17$ER17%%R17&+F77&
35.EWX%35.)HF$7RQ%;DQWK&DXO
7RQ%% I\X$FFLXW$LUR1,UR1SVQ
)LX I\X$7ES$FFLXW$,UR1SVQ
DXWRWUDQVBEDUO +DSIURP+LQIOXHQ]DHFSUQEUN$2PS$2PS%6SD3
JUR(/37=35.*UR(/&SQB7&3
7&3BJDPPD7&3BEHWDFKDSB&&7BHSVLFKDSB&&7BHWD
FKDSB&&7BGHOWD7&3BDOSKDFKDSB&&7BEHWD7&3BHSVLORQ
7&3BHWDFKDSHURQLQBOLNHFKDSHURQLQBW\SHB,B,,*UR/FSQ
WKHUPRVRPHBDUFK7&3B]HWD7&3BGHOWD3/1
+VS%+VS%JUR(/&SQ*UR(/+VS
35.35.35.35.35.
35.35. I\X$FFLUR1,UR1SVQ
SGV23DOBOLSR RSU)SDO%$%BF&DG)RPS3
$LG$ +DSIURP+LQIOXHQ]DH+DSIURP+LQIOXHQ]DHFSUQEUN$
(VWHUDVH&2* $J$IES%IES$)ES'IES%
35.0RW% RSU)%$%BF&DG)RPS3
35. RSU)SDO%$%B&DG)RPS3
37= FES$SVS$IESHPP73
&KODPB203 2PS02032PS$0203IURP&SVLWWDFL0203IURP&SVLWWDFL%&
/FU9 OFU9OFU9<3$B&'SFU9OFU9
1RWH'LIIHUHQWFRQVHUYHGGRPDLQQDPHVZHUHJURXSHGVLQFHWKH\H[LVWLQVKDUHGSURWHFWLYHDQWLJHQV
7KH FRQVHUYHG GRPDLQ RI $XWRWUDQVSRUWRU LV SUHVHQW LQ  SURWHFWLYH DQWLJHQV ,Q *UDP EDFWHULD
DXWRWUDQVSRUWHU VHFUHWLRQ SDWKZD\ LV WKH 7\SH 9 VHFUHWLRQ SDWKZD\ DPRQJ VHYHQ NQRZQ W\SHV 7KH
&WHUPLQDO WUDQVORFDWRU GRPDLQ SRUWLRQ RI WKH WUDQVODWHG SURWHLQ XQGHUJRHV SRVWWUDQVODWLRQDO
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PRGLILFDWLRQSULRU WR VHFUHWLRQRI D SDVVHQJHU GRPDLQ+HQFHSURWHLQV VHFUHWHG LQ WKLVZD\ DUH FDOOHG
DXWRWUDQVSRUWHUV0DQ\ VHFUHWHG YLUXOHQFH IDFWRUV IURP WKLV SDWKZD\ KDYH EHHQ LGHQWLILHG 2XU VWXG\
VKRZVWKDWPDQ\RIWKHPFDQVHUYHDVSURWHFWLYHDQWLJHQV7KHFRQVHUYHGGRPDLQZLWKWKHVHFRQGODUJHVW
SURWHFWLYHDQWLJHQVLV7RQ%GRPDLQ7RQ%GHSHQGHQWUHFHSWRUVDUHDIDPLO\RIEHWDEDUUHOSURWHLQVIURP
WKHRXWHUPHPEUDQHRI*UDPQHJDWLYHEDFWHULD7KH7RQ%FRPSOH[VHQVHVVLJQDOVIURPWKHHQYLURQPHQW
DQGWUDQVPLWVWKHPYLDWZRPHPEUDQHVLQWRWKHF\WRSODVPOHDGLQJWRWUDQVFULSWLRQDODFWLYDWLRQRIWDUJHW
JHQHV ,Q (VFKHULFKLDFROL7RQ%SURWHLQ LQWHUDFWVZLWKRXWHUPHPEUDQHUHFHSWRUSURWHLQVWKDW WUDQVIHU
KLJKDIILQLW\ELQGLQJDQGHQHUJ\GHSHQGHQWXSWDNHRIVSHFLILFVXEVWUDWHVLQWRWKHSHULSODVPLFVSDFH2XU
SUHYLRXV 9D[LJQ VWXG\ SUHGLFWHG VHYHUDO 7RQ%DVVRFLDWHG SURWHLQV LQ XURSDWKHJHQLF ( FROL EHLQJ
SRVVLEOHSURWHFWLYHDQWLJHQ WDUJHWV >@6RPHRIRXUSUHGLFWLRQVKDYHEHHQH[SHULPHQWDOO\YHULILHG >@
0DQ\RWKHUFRQVHUYHGGRPDLQVDSSHDUVXFKDV7R[LQB5BELQGGRPDLQVDQG/FU9GRPDLQ7DEOH7KH
SUHVHQFHRIWKHVHGRPDLQVLVDVWURQJSUHGLFWRURISURWHFWLYHDQWLJHQ
 6XSSRUW9HFWRU0DFKLQH690DQDO\VLV
$ 6XSSRUW 9HFWRU 0DFKLQH 690 LV D VXSHUYLVHG PDFKLQH OHDUQLQJ PHWKRG ZKLFK UHFRJQL]HV
SDWWHUQVE\ DQDO\]LQJ WUDLQLQJGDWD$IWHU WUDLQLQJ WKLVPHWKRGFDQ WKHQEHXVHG IRU FODVVLILFDWLRQRU
UHJUHVVLRQ 690 KDV EHHQ ZLGHO\ XVHG LQ GLIIHUHQW UHVHDUFK DUHDV LQFOXGLQJ ELRLQIRUPDWLFV >@ 2QH
H[DPSOHLV690FDQEHXVHGWRSUHGLFWWUDQVPHPEUDQHSURWHLQWRSRORJ\>@
7KH*LVW LV VHW RI 690 UHODWHG WRROV IRU VXSSRUW YHFWRU PDFKLQHFODVVLILFDWLRQZULWWHQ E\:LOOLDP
6WDIIRUG1REOH8QLYHUVLW\RI:DVKLQJWRQDQGE\3DXO3DYOLGLV8QLYHUVLW\RI%ULWLVK&ROXPELD*LVW
DOVR KDV DQ RQOLQH YHUVLRQ DW KWWSZZZFKLELXEFFDFJLELQQSK690VXEPLWFJL ,Q WKLV VWXG\
SK\VLFRFKHPLFDO FKDUDFWHUV RI SURWHLQV IURP WZR JURXSV SURWHFWLYH DQWLJHQV DQG UDQGRP FKRVHQ
SURWHLQVZHUHREWDLQHGIURPWKH352)($7DQDO\VLVDQGXVHGWRWUDLQWKH*LVW6907KHWUDLQHG*LVW
690ZDVWKHQXVHGWRFODVVLI\SURWHLQVWRVHHLIDSURWHLQLVDSURWHFWLYHDQWLJHQRUQRW
7DEOH)LYHIROGFURVVYDOLGDWLRQRI*LVW690FODVVLILFDWLRQUHVXOWV
5RXQG 5RXQG 5RXQG 5RXQG 5RXQG $YHUDJH
7UXHSRVLWLYHUDWH      
)DOVHSRVLWLYHUDWH      
2YHUDOO D  RI WUXH SRVLWLYH UDWH ZDV DFKLHYHG IURP WKLV ILYHIROG FURVV YDOLGDWLRQ 7DEOH 
7KHUHIRUH RXU 690 FODVVLILFDWLRQ PHWKRG FDQ VXFFHVVIXOO\ SUHGLFW WUXH SRVLWLYH SURWHFWLYH DQWLJHQV
+RZHYHUWKHWUXHQHJDWLYHUDWHDQGIDOVHQHJDWLYHUDWHDUHERWKDSSUR[LPDWHO\LQGLFDWLQJWKDWRXU
DVVD\FRXOGQRWVXFFHVVIXOO\GLIIHUHQWLDWHWUXHQHJDWLYHIURPIDOVHQHJDWLYHUHVXOWV
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 &RQFOXVLRQDQG'LVFXVVLRQ
7KH UHVHDUFK ILQGLQJV IURP WKLVVWXG\DUH VLJQLILFDQW DQGQRYHO ,WKDV ORQJSURSRVHG WKDW VHFUHWHG
EDFWHULDOSURWHLQVDQGRXWHUPHPEUDQHRU FHOOZDOOSURWHLQVDUHEHWWHU YDFFLQHWDUJHWV+RZHYHURXU
VWXG\SURYLGHV WKHILUVWHYLGHQFH WRVXSSRUW WKLV VWDWHPHQW DW D V\VWHPDWLF DQG FURVVEDFWHULD OHYHO ,Q
*UDPEDFWHULD RISURWHFWLYHDQWLJHQVDUHH[WUDFHOOXODU RU FHOOZDOO SURWHLQV ,Q*UDP EDFWHULD
 RI SURWHFWLYH DQWLJHQV DUH H[WUDFHOOXODU RU RXWHU PHPEUDQH SURWHLQV &RPSDUHG WR WKHLU UHODWLYH
VPDOOSRUWLRQVLQWKHZKROHJHQRPHWKHVHQXPEHUVDUHYHU\VLJQLILFDQW ,WLVDQ LPSRUWDQWREVHUYDWLRQ
WKDWDSSUR[LPDWHO\DQGSURWHFWLYHDQWLJHQVLQ*UDPDQG*UDPUHVSHFWLYHO\DUHDGKHVLQVRU
DGKHVLQOLNHSURWHLQV$GKHVLQVDUHWKRVHSURWHLQVHVVHQWLDOIRUEDFWHULDOFRORQL]DWLRQDQGLQYDVLRQ7KH
EORFNDJH RI DGKHVLQ DFWLYLWLHV UHSUHVHQWV D IHDVLEOH VWUDWHJ\ IRU UDWLRQDO YDFFLQH GHVLJQ 2XU VWXG\
LGHQWLILHGDQXPEHURIFRQVHUYHGGRPDLQVPRWLIVSUHVHQWLQPDQ\SURWHFWLYHDQWLJHQV7KLVSURYLGHVXV
D ZD\ WR SXUSRVHO\ VHDUFK IRU WKHVH GRPDLQV GXULQJ RXU UDWLRQDO YDFFLQH GHVLJQ )RU H[DPSOH WKH
$XWRWUDQVSRUWHU DQG 7RQ% GRPDLQV KDYH EHHQ ZHOO VWXGLHG LQ EDFWHULDO SDWKRJHQHVLV 0DQ\
DXWRWUDQVSRUWHUV DQG 7RQ%DVVRFLDWHG SURWHLQV KDYH EHHQ IRXQG WR EH YLUXOHQFH IDFWRUV 2XU DQDO\VLV
UHVXOWV VXJJHVW WKDW PDQ\ RI WKHP FDQ EH XVHG IRU GHYHORSPHQW RI QHZ YDFFLQHV DJDLQVW GLIIHUHQW
EDFWHULDOSDWKRJHQV2XUSURWHFWLYHDQWLJHQSUHGLFWLRQPHWKRGEDVHGRQ6906XSSRUW9HFWRU0DFKLQH
FODVVLILFDWLRQGHPRQVWUDWHVRIWUXHSRVLWLYHUDWHRIVHTXHQFHEDVHGSURWHFWLRQ7KLVVWXG\UHSUHVHQWV
DSLRQHHUHIIRUWLQWKHLGHQWLILFDWLRQDQGSUHGLFWLRQRIVSHFLILFSDWWHUQVLQSURWHFWLYHDQWLJHQV
$OO WKH PDQXDOO\ FXUDWHG EDFWHULDO SURWHFWLYH DQWLJHQV ZHUH V\VWHPDWLFDOO\ VWXGLHG XVLQJ WKUHH
ELRLQIRUPDWLFVPHWKRGV (DFKPHWKRG KDV JHQHUDWHG UHDVRQDEOH UHVXOWV %DVHG RQ9D[LJQ SUHGLFWLRQ
PRVWSURWHFWLYHDQWLJHQV IURP*UDP EDFWHULD DUHRXWHUPHPEUDQHSURWHLQV H[WUDFHOOXODUSURWHLQVRU
XQNQRZQSURWHLQVDQGPRVWSURWHFWLYHDQWLJHQVIURP*UDPEDFWHULDDUHH[WUDFHOOXODUSURWHLQVDQGFHOO
ZDOOSURWHLQV$SSUR[LPDWHO\RISURWHFWLYHDQWLJHQVDUHDGKHVLRQDGKHVLQOLNHSURWHLQV2XU&''
DQDO\VLVZDV DEOH WR LGHQWLI\ FRPPRQ FRQVHUYHG GRPDLQV WKDW H[LVW LQPDQ\SURWHFWLYH DQWLJHQV 2XU
690FODVVLILFDWLRQVWXG\KDVEHHQVXFFHVVIXOLQFODVVLI\LQJWUXHSRVLWLYHUDWHDQGIDOVHQHJDWLYHUDWHIRU
WKHFXUDWHGSURWHFWLYHDQWLJHQV
2XUELRLQIRUPDWLFVDQDO\VLVSURYHVWKDWVRPHVSHFLILFSDWWHUQVH[LVWLQSURWHFWLYHSURWHLQDQWLJHQV
9D[LJQLVDFRPSUHKHQVLYHZHEEDVHGYDFFLQHGHVLJQVRIWZDUHSURJUDPIUHHO\DYDLODEOHIRUWKHSXUSRVH
RIIDFLOLWDWLQJUHYHUVHYDFFLQRORJ\9D[LJQRSWLPL]HVWKHFRQGLWLRQVDQGSHUIRUPDQFHRIPDQ\SXEOLF
WRROVDQGGHYHORSHGQHZSURJUDPVLQDZD\RSWLPDOIRUSHUIRUPLQJKLJKWKURXJKSXWGDWD7KHVHDPOHVV
LQWHJUDWLRQPDNHV9D[LJQDXVHUIULHQGO\HQYLURQPHQWIRUUHYHUVHYDFFLQRORJ\VWXG\7KHGHWDLOHG
DQDO\VLVRIH[SHULPHQWDOO\YHULILHGSURWHFWLYHDQWLJHQVXVLQJ9D[LJQSURYLGHVDSRZHUIXOZD\WRDQDO\]H
SURILOHVLQYDOLGDWHGSURWHFWLYHDQWLJHQVZLWKDQDLPWRLGHQWLI\VSHFLILFSDWWHUQVLQSURWHFWLYHDQWLJHQV
2XUUHVXOWVVKRZWKDWUHDVRQDEOHSDWWHUQVFDQEHLGHQWLILHG2XUDQDO\VLVRIFRQVHUYHGGRPDLQVPRWLIV
LVDOVRYHU\LQIRUPDWLYH7KH690DOJRULWKPLVDSRZHUIXOPHWKRGIRUGLVWLQJXLVKLQJEHWZHHQWZRJLYHQ
FODVVHVRIGDWD2XU690VWXG\GHPRQVWUDWHVWKDWDKLJKWUXHSRVLWLYHUDWHRIVHTXHQFHEDVHGSUHGLFWLRQ
FDQEHDFKLHYHG7KLVLQGLFDWHVWKDWRXU690PHWKRGLVYHU\VHQVLWLYH+RZHYHUPRUHZRUNLVUHTXLUHG
WRLPSURYHWKHVSHFLILFLW\RIRXU690FODVVLILFDWLRQPHWKRG
)XWXUHGLUHFWLRQVRISURWHFWLYHDQWLJHQSDWWHUQDQDO\VLVZLOOLQFOXGH3UHGLFWLRQRI0+&FODVV,
DQG,,LPPXQHHSLWRSHVRIWKHVHSURWHFWLYHDQWLJHQVDQGWKHFRPSDULVRQEHWZHHQWKHPDQGWKRVH
HSLWRSHVLQQRQSURWHFWLYHDQWLJHQV)XUWKHUDQDO\VLVRIFKDUDFWHULVWLFVWUXFWXUDODQGSK\VLFRFKHPLFDO
SDWWHUQVLQSURWHFWLYHDQWLJHQV,PSURYHPHQWRIWKHVSHFLILFLW\RIWKH690FODVVLILFDWLRQPHWKRG,Q
WRWDOGLIIHUHQWIHDWXUHVDUHFDOFXODWHGIURP352)($7:HZLOOH[DPLQHLQGHWDLOZKDWIHDWXUHVRXW
RIWKHGLIIHUHQWIHDWXUHVSOD\PRUHFULWLFDOUROHVLQSURWHFWLYHDQWLJHQFODVVLILFDWLRQ
'HYHORSPHQWRIQHZVRIWZDUHSURJUDPVWKDWLQFRUSRUDWHWKHQRYHOILQGLQJVRIRXUVWXG\LQWRSUDFWLFDO
XVHV3URWHJHQDQG9D[LJQDUHWZRSURJUDPVLQWKHFRPSUHKHQVLYHYDFFLQHGDWDEDVHDQGDQDO\VLV
UHVRXUFH9,2/,1>@:HZLOOIXUWKHULQWHJUDWHWKHVHWZRSURJUDPVDQGRWKHU9,2/,1SURJUDPVHJ
9DFFLQH2QWRORJ\IRUEHWWHUVWXG\DQGSUHGLFWLRQRISURWHFWLYHDQWLJHQV
 $FNQRZOHGJHPHQWV
7KLVSURMHFWZDVVXSSRUWHGE\D1,+1,$,'JUDQW5$,WR<+
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